SPIN CORRELATIONS AND
IMPURITIES IN A ONE-DIMENSIONAL
QUANTUM SPIN LIQUID

hough all solids contain electrons with spin-induced 200 [ -
Tmagnetic moments few materials will actually cling to youl i
refrigerator door. The quantum theory of atoms explains that 150 £
matter is generally non-magnetic because electron spins form i
non-magnetic (singlet-) states in the filled electronic shells of g 00 _
individual atoms. Here we discuss a new class of materials 2 i

wherein singlet formation takes place between rather than with
atoms to yield a macroscopic spin-less “molecule”. We explore 50
the magnetism of BaNiG;, in which magnetic Ni+ atoms
interact antiferromagnetically (AFM) through intervening 0
02 atoms to form spin chains.

Inelastic magnetic neutron scattering is a powerful probe
spin chains. The open circles in Fig. 1 show the low temperatt FIGURE 1. Neutron scattering from Y,BaNi0; at T=10 K. Open symbols show

. . . . energy-integrated data probing equal-time correlations. Solid symbols

equal time spin correlation function versus wave-vector transfe gyow a constant-#e scan at the gap energy.
along the chain. In contrast to Néel AFM’s that develop Bragg
peaks when long range order develops at a second order phassolid symbols in Fig. 1 show that at fixed energy transfer there
transition, Y,BaNiO; has no magnetic phase transition and our are sharp peaks in the wave-vector dependence of the dynamic
snap-shot of the spin configuration reveals short-range AFM  correlation function that allows us to put a lower limit of 50
order with a dynamic correlation lenggt 4.3(6) lattice spac- lattice spacings on the coherence length for magnetic excitations.
ings. Still, this is not a thermally disordered paramagnet. The
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FIGURE 2. Contour map of low energy magnetic neutron scattering at T=10 K from (a) pure Y,BaNi0;
and (b) Y, 9562, 49;BaNi0;. The MARI spectrometer at the ISIS facility in the UK was used for (a)
while BT2 and SPINS at the NIST were used for (b).
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FIGURE 3. Q-dependence of energy integrated intensity from
Y,.,0a,BaNi0; with x=0.095(5) and x=0.14(1). The dashed line is a single
impurity model. The solid line is a random impurity model.

Figure 2 (a) shars another impdant feaure of the
AFM spin-1 drain: There is a gp in the &citation spectum sg-
arating the gound stée from excited stées. The enegy gap is
the cost of ading a m@netic wave pa&et on the spinfain.
Ther ae inteesting efects of substituting Ca for

Y3*, The «tra hole occupies the-orbital on the supesxchange
mediding axygen site and leads to anfomagnetic (FM) impu
rity bond in the otherwisAFM spin cain. Fgure 2(b) shas
tha suc doping yields ne sub-gp excitations. The etra may-
netic scétering takes the érm of a doulke ridge \ersus enagy,
which indicaes thawe ae dealing with sha fluctuaions of a
rigid composite objectThe wave-vector dgpendence mvides
valuable but ambiguous irdrmétion ebout the eal space stic-
ture of this object.A naural first intepretaion would be thathe
holes hae odered to yield a n@ incommenstate perodicity.
To explore this possibility k. 3 shavs a compason of high sta
tistics iw-integrated dda for samples with Ca conceations dif
fering by almost 50%.The @sence of a signdant shift in the
peak positionsules out hole afering.

We piopose instead théhe doule peak in k. 3 is the
magnetic brm factor of a hole in a quantum spin liquid
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Consider ifrst the dilute and stia hole limit of a single FM
impurity bond on the spint@in. The enegy of the macoscopic
spin singlet has ineased and a deneete manetizdle stde is
now the gound stée. If we assume thahe spin disturbance
associted with the imputy bond decgs avay from the impuity
then ve can she tha the coresponding drm-factor has the
generl fedures obsered in the sdering dda. Denote ¥ M(q)
the form factor or the spin density hich deelops to theight of
an impuity bond The coresponding érm-factor br the distur
bance to the left of the impty is the complg conjugate, M*(q).
The form factor br the combined object becomes(&) =
M(q)€%2+M*(q)e %2, When the bain end spin dgees of fee
dom ae antieromagneticall combined coresponding to the
negative sign in this equn, |F (q)P becomes the corntional
structure factor br the quantum spin liquid inigz 1. Hovever,
when the bain ends & stithed tgether Eromagneticaly as
we should gpect br FM impuity bonds ve hae F,(q) =
2Re{M(q)€%3}. This function anishesdr q = (2n+1)r because
M(q) is real for g = nr and the esult is a note & q = nr as
shawn by the dashed lines inigz 3. To accountdr the fnite
intensity betveen the peaksevneed to consider thimite density
of impurity bonds. Neighbang holes aranged d@ random beak
inversion symmety about individual holes and this brgs ba&
intensity & q =m. The solid lines in K. 3 corespond to an
analtical expression or the sctering from a distibution of
uncorelaed asymmeic impuities with xponentialy decging
spin densitiesThe fact tha the impuity scatering is distibuted
over a ange of enegies in Rg. 2(b) indicdes thathe holes &
moving or mok likely tha neighboing bound stes inteact.

The signifcance of all this is thave hare directly
measued the spin wave function assoctad with a bondavers-
ing hole impuity in a quantum spin liquicBBecause ouraw daa
are so similar to the staring dda from doped copperxide
supeconductos our esults sugest tha hole form-factor efects
may also be impdant for inteipreting those da.
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